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| TITLE: The effect of impurities ‘on the plastic deformation of single crystals of 

i gilicon. «© _- 

- SOURCE: AN SSSR. Iavestiya. Neorganicheskiye materialy: v. 1, no. 9, 1965, 
| 1449-1453. 

: ‘TOPIC TAGS: “silicon single crystal eryatal, 
A -vation energy es ee 4 
_ ABSTRACT: ‘The inves igations were made on single grystals of silicon without 

' dislocations, grown by the Czochralakt method. The'pure single crystals had 

7 an impurity concentration{o of 5x10! 4/cem3; those alloyed With] Arsenic, 4x1019/cm3; 
- and those with aluminum! 5x10!7/cm3. The temperature dependence of the upper 
isla point of these crystals was investigated at a constant relative deformation 


plastic deformation, crystal impurity, acti- 


4 velocity vo= 6. §x10-4 gec, An exponential relation of the following form was 
* found: ia 
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“0. where vg is the relative deformation veloctiy; B and n are constants; U is the 
~... | activation energy of the process; k is the Boltzmann constant. The article gives : 
4 a curve showing the dependence of the upper yield point of the crystals on the 
" * relative deformation velocity, at a constant temperature of 825 C, It follows from 
| the experimental results that alloying with a donor impurity decreases the activa-. 
| tion energy and somewhat increases the constant n, while an acceptor impurity 
| has the opposite effect. The effect of donor and acceptor impurities on the plastic 
deformation\ f single crystals of silicon can be explained by the change in the 


reaction within the semicondutors. Orig. art. has: ‘6 formulas, 2 figures, and 


“1 1 table | 


| 
| equilibrium concentration of vacancies in alloying; this causes a p-type electron : 


_ | SUB CODE: SS,MM,IC/ SUBM DATE: 17Mar65/ ORIG REF: 003/ OTH REF:018 
oe . ne ’ ~ 7 = _ al 
(Sard 2/2 


i 
Ne ner ee mentee ne: 


SOR ae ae ee ee A he TR CY Ne a etme we es bm - “ - ie oa On Paes 


APPROVED FOR RELEASE: Monday, July 31, 2000 CIA-RDP86-00513R001134320( 


"APPROVED FOR RELEASE: Monday, July 31, 2000 CIA-RDP86-00513R001134320 


< 


MITIVIDSSTY, MiGeg PPUEVIN, 9. 


e. SA Aa date o 


i pO pta bs 4etribaticn of 
Metneds of detarmining the coefficients ef diaivributicn of 


volatile impurities 4a grows g gallium srsenids single orystala 
by orsented crystellizeGion, °2Ve AN SSSR, Necrpz. tate 1 no.ds 
1h541458 2 "65. (M724 18:12) 


Le Gosudarstyannyy nauchno-isaledovatel'skiy * Feeney 
inetitut redkcmetallicheskoy prowrahlennosti, Moskva. 


APPROVED FOR RELEASE: Monday, July 31, 2000 CIA-RDP86-00513R001134320C 


"APPROVED FOR RELEASE: Monday, July 31, 2000 CIA-RDP86-00513R001134320 


i By WT . - Ba 7 . ea 
CC.NR: Ey ee Skis rere : SOURCE CODE: w/o 03701871858 71853, 


Boe Y 
Rea mui diy wal pide A. Ws ete Te Yu. N dl 


hic TITLES Hethod of developing ‘dnuhomogeneities in silicon iela couseats ¢ 
: wy 
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f | 1858-2663 


|> GOPIC: TAGS: iueatan tenurtey, ‘silicon single crystal, etched Seyatal; phosphorus, 
fe |. arsenio;, SEEIRONY'» boron, aluminun 


: ABSTRACT: The Jelogtlye 2 of developing {nhowmogenalttaa in silicon single crystals 
Was: studied Py ces and chemical etching and by the electrodeposition of 
copper. pytas? ‘As Sey BYland aavicne used as dopants. The optimum etching conditions 
were selected. The Beate as are compared with data obtained from single-probe resis- 
tivity measurements. It is shown that ancdic etching and copper electrodapasition 
are best. suited for developing inhomogeneities in single crystals with resistivities . 
‘above 1 ohm cm, and chemical etching is moat appropriate in highly doped single crys- 
tala. In anodic etching and copper electrodeposition, areas rich in the impurity 
-are most extensively etched. In chemical etching, the result depends on the type of 
. conduction of the ee in p-type crystals, areas rich in the impurity are etched 
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6 figures, 1 table. 
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zt TITLE: Distribution of impurities in silicon single crystals in growing by the 
ae Czochralski method SSS eee 
:: |. SOURCE: AN SSSR. Izvestiya. Neorganicheskiy materialy, v. 1, no. 11, 1965, 

| 2864-1872 o : 
TOPEC TAGS: silicon single crystal, phosphorus, arsenic, antimony, aluminum, boron,’ | 
single crystal growing, crystal impurity 18 


“ABSTRACT: The study was carried out on eflicon single crystals doped with various . 

_ concentrations of phosphorus, arsenic, antimony, aluminum, and boron and grown in - 

the <11l> direction by the Czochralski method. The distribution of impurities in 
various crosa sections of the crystals was investigated by selective anodic and chem-| ff 
ical atching, and the eingle-probe method of resistivity measurement was used for 
quantitative determinations. Severe! systems of growth bands were observed in the 
ingots, and possible causes of the formation of perfadic inhomogeneities are examin- 
ed. The effect of the nature and concentration of the doping impurity and the growth 

- Conditions on the manifestation of the "face effect" in single crystals {gs discussed. 
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sounkty : with the various fiapurities | : 
‘gubetructures fn crystals doped extensively var tes | 
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rps mime Stuiy of. ‘the initial stage. of deformation of gel wm araenide aingle cryst alg as 


- SOURCE:. "aN SSSR. Izvestiya. Neorganichesklye matertaly, ve 1, a 1, 1965, 


2995 oe : 
TOPIC TAGS:. galliun arsenide, crystal deformation, aa stress, eryatal distocation, “3 


1898-1900 


telluriun 


*\| ABSTRACT: A aut was eats of the behavior of n-type GaAs aingle crystals subjected 
if toa uniaxial compression in the <l1L> direction at a constant rate, and the depen- 
*|dence of the “yield point jog" of the compression curves on the temperature and defor- 
¥ [mation rate was investigated, - at the crystals were doped with tellurium to a car- 
| §.[ vier concentration of 6 * 10!6 3, and the deformation was carried out on a relaxo- 
«| meter in. spectroscopically. pure “he dum at %10-460°C. The temperature-time dependence 
“| Of the upper yield point of Gafs was found to be in good agreement with the kinetic 
. | theory of dislocations. The activation energy of motion of dislocations Y and the 
|. £:| kinetic constant for GaAs were determined. The value of YU is approximately 1.6 ev, | 
-:|, which is less than the corresponding values for silicon and germanius. It {is conclud-| 
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TITLE: Decoration of dislocatio in gallium arsenide crystals 
¥ v 7 


SOURCE: Fizika tverdogo tela, v. 7, mo. ll, 1965, 3454-au5¢ 
; 2n4Us5 
TOPIC TAGS: gallium arsenide, single crystal, crystal dislocation 


| ABSTRACT: A method is developed for decorati 
The specimens were n-GaAs single crystals 
a carrier concentration of 10%6_1917 ..,73 
Copper was used as the decorating impurity. 
on both surfaces of GaAs plates +l mm thick. 
in helium for 2,5-3 hours at 1000°c. 
| Specimens 
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temperatures of 800°C and higher. 
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{nuous cooling or isothermal holding. 
best results are produced 


figure, 1 table. 
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Exposure of inhomogeneities in the distribution of impurities in 
4 nide tals. Zave lab. 31 no.9:1095-1096 165. 

a ae (MIRA 18:10) 
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1 ‘SOURCES AN SSSR. : Tavestiyae Neorganichesklye materialy, Ve 2, no» 3, 1966, 409-102 oe 


TOPIC TAGS: erystal growing, semiconducting material, crystallization, single — 
crystal, impurity level 


ABSTRACT! | Ynasmich | as alloying of crystals of decomposed semiconductor oe 


- .| ,eompounds” are usually conducted with volatile impurities, and many impurities | 2 


‘form stable compounds with one of the basic components, it was of interest 
: ‘to examine the distribution of volatile impurities in erystals grow by 
“| lexdented orystallization in the presence of the condensed phase of such @ a 
‘compound, The conditions necessary for obteining alloyed 
| ‘equal distribution of | the einai are analyzed. Orig. art. has: 14 i ; 
YY COPRSJ St 
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AUTHOR: Mil'vidskiy, M.G.; Osvenskiy, V.B.; Stolyarov, O.G, ; ; To 
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ORG: Giredmet 

TITLE: Effect of doping on the creep of single-crystal acon”! 

SOURCE: AN SSSR. Izvestiya. Neorganicheskiye materialy, v. 2, no. 4, 1966, 585-588 
‘TOPIC TAGS: | silicon sinfle crystal, creep 


ABSTRACT: The_creep of single-crystal silicon was studied on dislocation-free and : 
doped samples grown by Czochralski's method. The initial period of creep corresponding 
to the diffusional displacement of the dislocation nucleus is adequately described by a 

cubic parabola in both types of samples. Moreover, an exponential dependence of the 
inizial period of creep and rate of steady creep on the magnitude of the applied stress 

is observed. The creep of single-crystal silicon doped with a donor impurity is higher, 
and that of silicon doped with an acceptor impurity is lower than the creep of pure single- . 
crystal silicon, When pure and doped samples of single-crystal silicon are loaded a 
second time, their creep increases. A decrease of the initial period of creep and increase 
of the rate of steady creep are observed. The authors thank V.V. Khongulov for 
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rk. Orig. art. has: 4 fig., 1 table, and 3 formulas. 
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: Kholodnyy, L.P. i ae 
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' TITLE: Effect of doping and illumination on the microhardness of semiconductor si 
__crystals 2) hi 


: SOURCE: AN SSR, Izvestiya, Neorganicheskiye materialy, v. 2, no. 4, 1966, 636-642 


TOPIC TAGS: gallium arsenide, hardness, eee aaa single crystal” 


ABSTRACT: The microhardness of n- and petype’ ‘GaAs “ingle seats waa studied as a 
‘ function of the carrier concentration, illumination with white light, crystallographic 
; orientation, and magnitude of the load on the indenter. It was shown that doping of GaAs 
with a donor or acceptor impurity causes a decrease in microhardness, as in the case 
of Si and Ge. It was established that both the concentration effect and the illumination 
effect in the semiconductor single crystals studied are surface effects and are observed 
to a depth of a few microns. The results are explained by the peculiar properties of the 
| surface of semiconductors and are attributed to the presence in the transition layor of 
| Card 1/2 ; ’ UDC: 637,311.33 * 
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L 32052-66 
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an electric field perpendicular to the surface. It was established that the length of the 
prongs of dislocation "rosettes" formed around the imprints increases when donor and 
acceptor admixtures are used in doping, this being in accord with the concentration effect 
of decrease in microhardness. Although the explanation of the observed effects is not 
always unambiguous (because of the complexity of the phenomena), the method of micro- 

. hardness measurement may be used to study the surface properties of semiconductors. 
Orig, art, has: 6 figures and 1 table. ee a ee 
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‘ORG: Giredmet 


TITLE: Density and surface easels: fused gallium arsenide Pe 


y : ; 
SOURCE: AN SSSR. Izvestiya. Neorganicheskiye materialy, Vv. 2, no. 5, 1966, 833-837 | 


TOPIC TAGS: gallium arsenide, surface tension, arsenic, vapor pressure i 
ABSTRACT: The density of gallium arsenide at the melting point and at an equilibri- 
um vapor pressure of arsenic was determined pycnometrically in a sealed quartz am- : 
poule. The initial gallium arsenide had an n-type conductivity and a carrier con- 
centration of 1016-1017 cm-3. The density was found to be 5.99%0.08 g/cm? The 
‘volume change on melting was 11.3%. The surface tension, also measured in a sealed | 
quartz ampoule at definite arsenic vapor pressures, determined by weighing falling --- 
drops, was found to be 44216 dynes/cm for a melt of stoichiometric composition. A: 
relationship was established between the surface tension of fused gallium arsenide 

and the vapor pressure of arsenic in the ampoule. Tellurium and excess arsenic were -. 
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“shown to be surface-active impurities in gallium arsenide. Orig. art. has: 3 Fig- | 
ures, 3 tables, and 3 formulas. A ‘ 
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TITLE: The influence of alloying on the plastic deformation of gallium arsenide single crystals 


SOURCE: Fizika tverdogo tela, v. 8, no. 5, 1966, 1539-1544 


TOPIC TAGS: acceptor, plastic deformation, alloying, gallium arsenide crystal, electron 


eee single crystal structure, crystal dislocation 


ABSTRACT: The authors investigate the influence of alloying by donor and acceptor admixtures 

| on the behavior of GaAs during plastic deformation. The single crystals were obtained by the 

| method of orlented crystallization and had tho proporties indicated in Table 1, An analysis of 

| the results obtained shows that it is necessary to take into consideration several factors, These 
include the elastic and the electrical interaction of the dislocations with the admixtures, the 
possible structure of dislocations which determine their mobility, the interaction of the disloca 
tions with the vacancies, and the influence of the admixtures on the equilibrium concentration 
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Table 1 of charged vacancies. The last two factors, 
apparently, play the determining role in the de- 
Ee Opence OL case Crystals termination of the influence of the donor and the 
; . , acceptor admixtures on the mechanical properties 
ui Type of — | Atiaying |Concen concer. 4 of elementary semiconductors. However, in the 
~ Canductivity| Admutore |earriars, ew"§.: case of semiconductive compounds the influence of 
we the concentration of vacancies on the motion of dis 
locations is not determining, whereas the mobility 
of dislocations is primarily determined by their 
structure and interaction with the admixtures. The 
authors express their gratitude to V, I. Nikitenko 
for discussing the results and for his comments. 
Orig. art. has: 3 figures, 2 formulas, and 2 
tables. 
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; AUTHOR: n, V. G.; Mil'vidskiy, M. G.3 Solov'yeva, Ye. V- Zz 
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t 


Moscow ( Gosudarstvennyy nauchno-issiledovatel' skiy i proyektnyy Institut redkometal- 


ened 


| licheskoy promyshlennosti) 


| TITLE: Influence of structure defects on certain_electric properties of germanium 
doped with gold and antimony { ef. 


SOURCE: Fizika tverdogo telay v. 8, no. 7, 1966, 2253-2255 


TOPIC TAGS: germanium semiconductor, semiconductor impurity, impurity level, hole 
mobility, crystal dislocation, crystal defect, Hall effect, electric conductivity 


e investigation was to explain the anomalous decrease in > 
ers at low temperatures, observed in strongly doped 
To this end, tests were made on single crystals ; 
2) in the [111] direction and cut into plates perpen- 
dicular to The dislocation density in the investigated samples 
ranged from 1 x 2, Microscopic x-ray diffraction studies have dis- | 
closed the presence 0 e number of point defects in addition to disloca- 
tions. ‘The degree of stals was determined by microphotometry 
of the x-ray diffraction patterns. lectric conductivity and of 
the Hall effect at room temperatur operties .of the 
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samples, thus 4ndicating relatively uniform distribution of the gold atoms in the | 
solid solution. Measurements at 77K have shown, however, that some plates were «34 
strongly inhomogeneous. The observed disturbances of the crystal lattice are attri-~ | 
puted either to finely dispersed segregation of eutectic gold-germaniun segregations, 
or to the presence of pre-precipitation regions. The maximum inhomogeneity of the 
distribution of the electric properties took place in the samples with maximum struc- 
tural inhomogeneity, as manifest by variations of the density of the x-ray aiffractioz 
patterns. It is in these samples that the minimal values of the carrier mobility were 
observed. ‘The most probable cause of the decrease in the mobility at low temperatures 
is thus attributed to the inhomogeneous distribution of the gold or antimony and of 
other uncontrolled impurities with shallow levels. The latter can be due either to 
primary processes during crystallization or to precipitation occurring during the — 
cooling of the crystal. fhe authors thank A. M. Yelistratov, R. A. Zwinchuk, M. I. 
Iglitsyn, V./1. Fistul', and V._P. Aver ‘yanova_for interest and for a discussion of 

@ experimental results. Orig. art. has: 2 figures and 1 formula. 
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| ITLE: Procedure for detecting dislocations by etching single crystals of gallius ar 
i 13 2 
H 


soe 


ry 


, YV 
OURCE: AN SSSR. Izvestiya. Neorganicheskiye materialy, V- 2, no- 9, 1966, 1549-1553 


‘OPIC TAGS: gallius arsenide, etched crystal, metal etching 


: STRACT: Richards-Crocker etchant was used to detect characteristic etch pits on the 
4 (122) surface of galliva arsenide by successive applications. These experiments and 
periments on the plastic deformation of crystals demonstrate that the etch pits cor- 
spond to the outcrop sites of the dislocations. On the (110) plane, this etchant 
eads to polishing and not to gelective etching. An etchant consisting of HF :HNO3:H20# 
{ '2137:22+1°10 2 molar solution of AgNO was used for selective etching as well as for 
: {the detection of dislocations. Orig. art. has: 6 figures, 2 formulas. 


20 
SUB CODE: 06 u/ SUBM DATE: 07Dec65/ ORIG REF: 001/ OTH REF: 007 


pe pe A RST RETA enn meena CTT 


upc: 546.681'19] : 548.55 3 551.243 


ead Sisesken ee eee es 


APPROVED FOR RELEASE: Monday, July 31, 2000 


CIA-RDP86-00513R001134320( 


"A . 
EPROVED FOR RELEASE: Monday: July 31, 2000 CIA-RDP86-00513R001134320 


ad Osap=bT Ble pean rel 5 ee ny eee 
| ; AP602985 AN Ds uW LTH / TG UR/0092/66/032/008/0968/0970 | 


‘AUTHOR: Pelevin, 0. V.; Mil'vidskiy, M ; Belyayev, A. 1-5 Khotin, B. A-3 
'Shulepnikov, M. Ne; Voronkov, v. V- o3 
| ) 

st 


‘ORG: ate Scientific Research and Planning Institute of the Rare Metal Industry 
|(Gosudarstvennyy nauchno-issledovatel 'skiy i proektniy institut redkometallicheskoy 
'promyshlennosti ) 


TITLE: Determination of the vapor eae volatile substances 
SOURCE: Zavodskaya jaboratoriya. v. 32, no. 8, 1966, 968-970 


HERS TAGS: vapor pressure, selenium, radioactive isotope, temperature dependence, 


diatomic molecule, thermodynamic analysis 


ABSTRACT: A static method was developed for determining the vapor pressure from the 
radioactivity of the vapor, based on a proportional dependence of radioactivity to the 
quantity of material in the measured volume. In the ,proposed technique only the molec- 
ular composition of the vapor need be known. A sc atic diagram of the > haepeenderes 
apparatus shows 13 components. The saturated vapor pressure of selenium ‘Was determined 
lat temperatures ranging from 380 to 580°C. Quartz ampoules with weighed portions of 
Se7> were evacuated to a pressure of 1-3°10 © mm Hg and placed in the apparatus. Cali- 
bration curves were obtained by a series of experiments using different weights. Log 
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P Se is given as a function of temperature, Poe being determined by measuring the count- 


ing rate for different condensate and/or vapor temperatures during heating and cooling. 
In the presence of a condensate, the counting rate depended exponentially on the con- 
ldensate temperature, while after full vaporization, the counting rate was directly pro- 
portional to the average absolute temperature of the vapor phase. Thermodynamic equa- 
tions were given for the dissociation process Se, * 3Se, and the free energy was relat- 
ied to the Se, concentration, the vapor pressure, and the cross section area and length 
of the ampoule. By extrapolating the rate constant for saturated selenium vapors to 
933°K, the minimum temperature of the lower zone of the calibration curve, Pse, was 


calculated to be 95% P. For unsaturated vapors a new equilibriua condition was estab- 
lished with even greater quantities of diatomic molecules. The heat of vaporization 
of selenium was calculated to be 25.6 Keal/mol. The above method may be used for de- 
termining the moleclar composition of vapors. Orig. art. has: 2 figures, 2 formulas. 
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|YNVENTOR: Abayev, B- 1-5 Mil'videkiy, M- 9-3 

Petrov, Yu. A.; Ofitserov, 4“: D. 

ORG: None 

qITLE: A device for growing single crystals. Class 12, No. 190864 

\gqURCE: Izobreteniys, promyshlennyye obraztsy, tovarnyye gnaki, no. 35 1967, 18 

 ‘lmoprc TAGS: single crystal growing, quartz, electromagnet 

ABSTRACT: ‘This Author's Certificate introduces a device for growing single crystals 
lof decomposable compounds by pulling from 4 melt in a crucible. The unit contains &@ & 
quartz chamber of uniform diameter with inspection window and 4 hollow quartz rod for | 
rotating and moving the seed. To rotate the crucible at 4 controllable rate and to | 
‘leontrol the rate of rotation and motion of the seed, the unit is equipped with station- 


jary electromagnets consistizg of water-cooled copper tubes and rotatable pole pieces. i 
la quartz needle bearing is used for szooth rotation of the crucible containing the | 
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1—-stationary electromagnet ; 


Qa-gelf--adjusting needle bearing 
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$/070/60/005/005/015/017 
E132/E360 

Dendritic Structure in Single Crystals of Silicon Grown from 

the Melt by Czochralski's Method 


with the preserice of impurities (Ta, Ti, Fe, Mo) with solubilities 


mi al 
within the limits 10 3 to 10 Fo Ingots grown from supercooled 


melts also show this dendritic structure. It is most readily 
shown on surfaces which have suffered light oxidation as a 
result of etching. The growth of dendrites on slow cooling of 
a melt in a vacuum has been observed (on the free surface of the 
melt). The purer the Si the greater the supercooling at which 
dendritic growth begins and the slower the growth is. 

There are 3 figures and 5 references: 2 Soviet and 1 English. 
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AUTHORS: Mil'vidskiy Me Ge, Berkovay A. V- 


a 


TITLE: Mordants for Making Visible Dislocations in Silicon Single 
crystals}! 


PERIODICAL: zavodskaya laboratoriys, 1960, Vol. 26, Noe 6) PP 128-729 


TEXT; The authors state that in mnordant 8 containing hydrofluoric acid, 
acetic acid, and nitric acid, the latter may cause under certain 
circumstances an oxidation of the surface of the sample (silicon single 
crystals). This ye due to the excess of water. To prevent 
the s dante were studied (Table )» 
in which con bind the excess 
water. The most 8s ith the following 
mordants: HF : HNO ; 3. The addition of 
glacial acetic acid process, j.e. it takes 
place independently of variations of the nitric acid concentration. The 
Last-mentioned mordant was tested on gamples of P- and n-silicon and it 
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Mordante for Making Visible Dislocations in $/032/60/026/06/18/044 
Silicon Single Crystals B010/B016 


was found that p-n transitions, the unequal distribution of impurities 
etc. may be made visible. There are 1 figure and 1 table. 


ASSOCIATION: Gosudarstvennyy nauchno-issledovatel'skiy i proyektnyy 
institut redkometallicheskoy promyshlennosti (State 
Scientific Research and Planning Institute of Rare Meta 
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3/137/62/000/001/203/237 
A154/A101 


AUTHORS: Tomashov, N, D., Mil*vidskiy, M. G. 
ee aD 
‘IYTLE: Pickling titanium in acid solutions and alkaline melts 


PERIODICAL: Referativnyy zhurnal, Metallurgiya, no. 1, 1962, 88, abstract 11622 
(Sb."Korroziya 1 zashchita konstrukts. metallich. materialov". 
Moscow, Mashgiz, 1961, -133-150) 


TEXT: The possibility of pickling Ti in alkaline melts was examined, The 
effect of the composition and temperature of the pickling bath was studied, 
Treatment in.a NaQH melt at 400 - 430°C for 10 - 20 min followed by washing in 
hot 156-HSO - 4s recommended for pickling Ti, The electrode potentials of. the 
pure and oxidized surface of Ti in alkaline melts, the emf. of the cirouit and 
the current intensity of the Me (oxidized) - melt - Me (pure) pair were studied, 
In the pickling of Ti in alkaline melts, the processes of purely chemical inter- 
action between the scale and the alkali play a large part, in addition to the 
electrochemical processes, There are 13 references, 
a Authors’ summary 
[Abstracter's note: Complete translation] 
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AUTHORS: Mil'vidski M. G., Ignatova, 4. I., Vedeneyeva, M. A., 
Titov, V. Aw, Kikut, V. A. 


TITLE: Application of urotropine to inhibit corrosion of a steel 
apparatus in ammonium chloride production 


PERIODICAL: Referativnyy zhurnal. Khimiya, no. 22, 1961, 261 - 262, 
abstract 221205 (Sb. "Korroziya i zashchita konstrukto. 
metallich. materialov". M., Mashgiz, 1961, 245 - 253) 


TEXT: The use of 1X18H9T (1Kh18N9T), X17 (Kh17), and 1X13 (1Kh13) steels 
in NH ,CL + Ne,SO, solution as satisfactory corrosion-resistant construction 


2° 4 
materials for apparatus was shown. ‘The corrosion rate (CR) of the examined 
steels was found to be reduced to ~40% by urotropine additions $1%. CR 
was increased by urotropine additions of 0.05%. It is suggested that 
urotropine be used as mixed (cathodic - anodic) corrosion inhibitor under 
the working conditions of an evaporator. [Abstracter's note: Complete 
translation. | 
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. s/181/61/003/001/039/042 
' 24,709 /u34,093, 1160) B102/B204 


AUTHORS: l'vidskiy, M. G. and Layner, L. V. 


TITLE: Twins and dislocations in silicon single crystals 
PERIODICAL: Fizika tverdogo tela, v. 3, now 1, 1961, 289-296 


TEXT: It was the aim of the authors to study the twin formation in the 
growth of silicon single crystals, and to investigate the interaction 
between twins and dislocations. Twins containing Si single crystals, 
grown in the [111] and [110] directions by the Chokhral'skiy method were 
used for the purpose; the position of the twins was determined after 
etching in 10% NaOH at 65-80°C (20 min); the dislocation density was 
determined from the etch pits in longitudinal and cross sections of 
crystals with (111) orientation. For counting the etch pits an MAM-8M 
(MIM-8M) microscope was used (225x). The orientation of the specimens 
was determined from Laue patterns. The outward appearance of the twins 
is shown in Fig. 1 (a - growth axis [114] 5 b - [110]). The experimental 
results indicate that the twin boundary actually hinders dislocations 
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89298 
s/181/61/003/001/039/042 
Twins and dislocations in silicon... B102/B204 


by the fact that on the twin boundary, dislocations accumulate (Fig. 4) 
and form a glide plane. However, it also happens that dislocations slip 
through this barrier (Fig. 3) as, e.g., in the case of crystals growing 
in the [110] direction. If one assumes that an axial temperature 
gradient during the growth of the crystal block is the main reason of 
sliding, it is possible to estimate the probability of sliding in the 
crystal or in the twin. In thia case, the entire tangential stress 
acting upon the glide plane {111} may be calculated, considering the 
change in orientation of this plane relative to the growth axis during 
twinning. Table 2 gives data on the change in orientation of the (111) 
planes after twinning for the three main directions of growth. 
Calculation of the tangential stresses Og, led to the following result: 


from penetrating into the twinned part of the crystal; this is explained yf 
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AUTHORS: Mil'vidskiy, M. G. and Golovin, B. I. 


TITLE: The form of the crystallization front of single crystals cf 
semiconductors bred from a melt by the method of Chokhral'skly 


PERIODICAL: Fizika tverdogo tela, v. 35, no. 4, 1961, 1015-1018 


TEXT: The form of the boundary between crystal and melt depends essentially 
on the thermal conditions on the crystallization front. Since a curvature 
of the erystallization front causes thermal stresses leading to increasing 
dislocation density and also causing a nonuniform distribution of the 
impurities, it is important for the preparation of semiconductor crystals 
to work under such conditions as ensure a plane crystallization front. 
Only if the crystallization front is plane, the structure will be perfest 
and the properties i-nogeneous. The most important factors affecting the 
form of the frons is the removal of heat through the crystal and the melt, 
and the release of the latent heat of fusion. One of the possibilities of 
influencing the crystallization front in a desired manner (for axusple, to 


obtain a olane front) consists in a programming of the rst: uf .vowth of 
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the crystal. Under simple assumptions, the -.t¢ of gronth v, guaranteeing 
a plane orystallization front is given by the relation vy =v hd s/A (the 
minus sign holds for a concave front). The quantity S/A has the dinensicn 
of a velocity and can be used for the estimation of the curvature oF fae 
front: it is called the "relative front curvature" (A is the cro-s- 
sectional area of. the crystal rod, S is the volume of the spherical segment 
melting per unit time on account of the release of the latent heat of 
fusion). To obtain a plane crystallization front experimentally, the 
authors have carried out a programming of the pulling rate. The experi- 
mental apparatus is shown schematically in Fig. 2. Silicon crystals were 
grown in a vacuum from a melt contained in a quartz crucible. The charge 
was 60-70 g, the speed of the crucible with the melt was 6 rpm, and that 
of the priming device 5 rpm. The form of the front was found out by tro 
independent methods. The following results were obtained: In a crucible 
of 48 mm diameter, the relative front curvature is not affected by a 
change of the rod diameter hetwoen 13 and 26 mm. At a pulling rate of 

1.2 mm/min, the crystallization front is convex} its curvature decreases 
with decreasing level of the melt in the crucible. On detaching the rod 
from the melt a plane front is obtained. The effect of the pulling rate 
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-2.6 ete “If the rate is changed from 0.07 to 2 mm/min, the ~ 
irvature - of the front. will decrease; at 2.6 nn/min, the sign of the igs 
L vature will change - from convex the. front: becomes concave. For ~ = 
‘different levels of the melt, v= £(3/a) is represented graphically.” The. pe 
ptinun. pulling rate can. be determined : from the obtained family of straight owed 
es: ‘intersecting the two axes. The results agree well with the formula.’ : 
en'at the beginning. There are 5 figures and 3 references. The most =: 
ortant reference to the English-language publication reads as follona: aa 
mwilke,2 ‘Proc. Inst. Slectr. Engin. 106, _ part B, .1959.: 
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AUTHORS: Turovskiy, B. M., and Mil'vidskiy, M. G. 


TITLE: Characteristics of the growth of crystals grown in a melt by 
Chokhral'skiy's method 


PERIODICAL: Fizika tverdogo tela, v. 3; no. 9, 1961, 2519-2524 


TEXT; Periodic macrostructural properties may be observed in crystals 
grown by Chokhral'skiy's method. They may look like single and multiple 
“screw threads" or like "growth stripes". These patterns are closely 
correlated as to their positions. To explain their formation, the authors 
started by assuming an asymmetrical temperature field in the melt, i. e., 
a cooler zone was considered to face the observation window. The linear 
dimensions of “screw threads" may then be determined by the velocity of 
rotation, the pulling rate, and the thermal asymmetry (magnitude of zones 
and of temperature gradients in them). This assumption was verified by 
experiments. While the assumption of an asymmetrical temperature field 
alone is sufficient to explain the formation of single "screw threads", it 
is not sufficient to explain that of multiple "screw threads" nor the 
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periodic impurity distribution. An analysis of temperature field and 
impurity distribution in the melt and of the effect of rotation on both 
allowed the conclusion that the impurity distribution is determined not 
only by the asymmetry of the temperature field but also by the effect of a 
diffusion layer with increased impurity concentration. A formation of 
multiple "screw threads" may be explained by the specific effect of 
impurities in the diffusion layer upon the equilibrium temperature at which 
a melt of a different composition crystallizes. A crystal may be 
cousidered to grow from the melt in a continuovs manner. Concentric 
rotational figures will then appear, and the crystal will derive a helical 
structure from them. The impurity concentration will differ from one 
spiral to another. These assumptions are backed by experimental results. 
There are 6 figures and 6 references: 2 Soviet and 4 non-Soviet. The 
three references to English-language publications read as follows: E. 
Billig. J. Inst. Metals, 83, 53-56, 1954-1955; W. C. Dash. Phys. Rev. 97, 
no; 2, 1955; W. Edwards, Canad. J. Phys. 38, 439, 1960. 
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ASSOCIATION: Gosudarstvennyy nauchno-issledovatel'skiy i proyektnyy 
institut redkometallicheskoy promyshlennosti Moskva (State 
Design and Planning Scientific Research Institute of the 
Rare Metals Industry, Moscow) 


SUBMITTED: January 4, 1961 
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AUTHORS 3 Turovskiy, B.M. and Mil ‘vidskiy, | M.G, 


TITLE: Making a model of the mixing of a melt when Srowing 
crystals by Czochralski‘s method 


PERIODICAL: Kristallografiya, 1961, Yol.6, No.5, pp.759-762 
TEXT: 


xing proceeds because 
It is suggested that the 
s in the melt are the 


origin of spiral non-unifor 


crystal, ie 
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speed of rotation of the crystal and depends on the diameter of 
the latter, on the level of liquid in the crucible and on the 
kinematic viscosity when the crystal only is rotated. When the 
crucible is rotated stirring of the liquid is much less and 
impurities are not picked up. Acknowledgments are expressed to 

T., T. Shestakovaya and I, D. Klishin for their assistance. 

There are + figures, 1 table and 4 references; 2 Soviet and 

2 non-Soviet, The English-language references read as follows? 
Ref.1: A. J. Goss, R. E. Adlington. Marconi Review, 22, 132, 1959; 
Ref.4: P, R. Camp. J. Appl. Phys., 25, 4, 1954, 


ASSOCIATION: Gosudarstvennyy nauchno-issledovatel'skiy i 
proyektnyy institut redkometallicheskoy 
promyshlennosti 
(State Scientific Research and Design Institute 
for the Rare Metal Industry) 


SUBMITTED: December 15, 1960 
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ANTHORS ¢ Mil‘vidskiy, M.G, and Layner, L.V. 


TITLE: Microhardness and Dislocation Density in Silicon 
Single Crystals 


PERIODICAL: Fizika metallov 1 metallovedeniye, 1961, Vol.1l, No.6, 
PPR o 923 -926 


TEXT. The microhardness of a crystal depends not only on 
individual dislocations but on the collective behaviour of 
larger conglomsrations of such dislocations, i.e. it depends on 
the mutual distribution and the interaction of dislocations. 
Therefore, a direct correlation can be anticipated between 

the hardness and the density of disiocations on 4 given section 
wf a crystal. The microhardness was measured on various 
erystallographi: planes of single crystals drawn from the 

melt in vacuum according to the method of Czochralakv.- The 
mi-xyohardness depends on the method of preparing the surface 

of the specimens for measurements. After grinding, the 
microhardness H amounted to 1670 kg¢/mm2, By chemical 
polishing in an acid mixture of HF:HNO3 (132) for 2 to 3 min, the 
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surface layer which was internally stressed by grinding was 
removed, then the microhardness was 950 kg/mm2, Equal values 
Were obtained from natural cleavages of the specimen and 

therefore chemical polishing can be considered as the most 
suitabie method of preparing the specimen surface for measurements, 
The density of the dislocations was determined on the basis of the 
cavities formed during etching in the mixture 

HF sHNO3: (CH3CO)20(1 : 333) for 25 to 30 minutes, Simultaneously, 
for some specimens, the specific resistance and the lifetime of 
the non-basic current-carriers were determined. The 

dependence of the microhardness in plane (111) on the density 

of the dislocations in silicon single crystals is plotted in 
Fig.l. The increase in microhardness is particularly 

Pronounced if the dislocation density changes within the 

limits of 1 x 103 to 2 x 104 em> 2, this results in an increase 
in the microhardness from 830 to 1250 kg/mm2, Outside this 

range the microhardness changes much less, The changes in 
microhardness along the planes (110) and (100) are also fully 

in correlation with the distribution of the dislocation 
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densities; regardless of the crystallographic orientation, 
the maximum microhardness was always observed at the edges of 
the specimen and the minimum in its central part. Usually, 
Sections with increased microhardness show a shorter lifetime of 
the minority current-carriers. It was established that a 
correlation exists between the microhardness and the density 
of dislocations in various crystallographic planes of silicon 
Single crystals. The anisotropy in the microhardness of 
Silicon single wystals drawn from the melt is detormined by 
the general distribution of the dislocations along the crystal 
which is associated primarily with the thermal conditions 
pertaining during the growing of the crystal. Acknowl edgments 
are expressed to D.B. Kiseleva for her assistance in carrying 
out the experiments. 

There are 2 figures, 1 table and 15 references: 4 Soviet 

and 9 non-Soviet. The four latest English-language references 
quoted are: Ref. 6 - Wolf, G.A., Toman, L., Field, N.J. and 
Clark, J.C. Semiconductors and Phosphors, New Jersey, 1953; 
Ref. 16 - Dash, W. - Appl. Phys., 1959, 30, No. 4, 459; 
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Ref. 12 - Roberts, D.. Stephens, P. and Hunt, P. Nature, 

1957, 186, No. 4587, 665; Ref. 13 - Green, G., Hogarth, C. 

and Johnson, F. J. Electron. and Control, 1957, 3, No. 2, 171. 

ASSOCIATION: Nauchno~issledovatel'skiy i proyektnyy institut 
redkometallicheskoy promyshlennosti (Scientific 


Research and Design Institute of the Rare Metals 
Industry) 


SUBMITTED: August 12, 1960 
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AUTHORS: Mil'vidskiy. M. G. and Berkova, A. Vv. 


TITLE: Visualization of irregularities in the distribution of 
impurities in silicon single crystals 


PERIODICAL:  Zavodskaya laboratoriya, v. 27, no. 5, 1961, 557-559 


TEXT: Irregularities in single crystals of silicon are made visible by the 
method of anodic etching. Electron-type and hole-type single crystals of 
silicon with different resistivities like those obtained from melts by the 
Chokhral'skiy method were used for these studies. The crystals were ground 
with boron carbide 220 and M-28 (M-28) powder, after which one side of the 
crystal was plated with nickel. That side of the crystal which was not 
nickel-plated was used as an anode and, therefore, dipped into the electro- 
lyte (48% of HF:glacial acetic acid = 1:1). A platinum foil was used as a 
cathode. The required d-c was obtained from a BCA-5 (vSA-5) rectifier. The 
working conditions suited best for electron-type crystals were such: treat- 


ment at a current density of 10 milliamperes /com* for 2-5 min and subsequent 
fea for 20 to 30 sec with a 1:4 acid mixture consisting of 48% HF 
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and HNO, (58%). Optimum conditions for hole-type crystals: treatment for 


4-6 min at a current density of 45 to 50 milliamperes/cn’, followed by a 
bath in HF HNO, = 8:15 for 10-15 sec. The acid bath was applied for sepa- 


rating the layer of electrolytic products deposited on the crystal surface 
during etching. Crystals prepared in this manner have light and dark strips 
alternately, which are spiral in transverse cuts, and straight and parallel 
in longitudinal cuts. The latter are the so-called "growth bands" which 

are caused by periodic fluctuations of the impurity concentrations along the 
rod. They characterize the shape of the crystal front at any moment of 
growth, There are 2 figures and 7 references: 1 Soviet-bloc and 6 non-Soviet 
-bloc. The four most recent references to English-language publications 

read as follows: 1. G. H. Schwuttke, 0. A. Weinreich, and P. H. Keck. J. 
Electrochem. Soc. 105, No. 12, 706 (1958). 2. Oroshnik. J. Electrochem. 
Soc., 106, No. 4, 360 (1959). 3. P. Camp. J. Appl. Phys., 25, No. 4, 459 
(1954). 4. S. I. Silverman and D. R. Benn, J. Electrochem. Soc., 105, No. 3, 
170 (1958). 
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ASSOCIATION: Gosudarstvennyy nauchno-issledovatel'skiy i proyektnyy 
institut redkometallicheskoy promyshlennosti (State 
Scientific Research and Planning Institute of the Rare 
Metals Industry) 
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TITLE: The form of the pen junctions in semiconducting single 
crystals grown by oriented crystallisation from compensated 
melts 


PERIODICAL: Fizika tverdogo tela, ve 4, moe 10, 1962, 2791 - 2794 


TEXT; The pen junctions in a semiconductor, grown from a melt with donor- 
and acceptor-type impurities that compensate each other, will have the 
shape of the front of crystallization if the latter is plane. If it is 
not plane the two types of impurities will not be distributed uniformly 
across the crystal. It is shown from various examples that the true shape 
of the pen junctions does not coincide with the shape of the crystalliza- 


4 _tion front since various factors influence the distribution of the compen- 


sated impurities. The major factors are the ratio of the donor to the 

acceptor-type impurity concentrations, any specific distribution of the 
impurities inthe melt, and the shape of the front of crystallization. 

There are 4 figures. : 2) 
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AUTHORS: Mil'vidskiy, M. Ge, and Layner, L. V. 


TITLE: Method of detecting dislocations in Si Single crystals 
PERIODICAL: Zavodskaya laboratoriya, Vv. 28, no. 4, 1962, 459-462 


TEXT: To make dislocations in Si single crystals apparent, a 15-25 min 
thermal treatment of the crystals at 850-900°C in vacuo (1-107? mm Hg) 


and cooling at a rate of ~ 40°C/min is suggested. The decorating of dis-~ 
locations with copper in Hy atmosphere is even more efficient. The testa 


were made with n-type and p-type single orystuls prepared by Chokhral'skiy's 
method. Before thermal treatment, the specimens were ground with boron 

carbide and M14 (M14) powder. After thermal treatment, they were polished 
in acid cP -8 (SR-8) mixture and etched in HF : HNO, : (CH,CO),0 = 1: 33:3. 


The pits were counted with an MVM ~8M (MIM-6M) metallographic microscope. 
It was found that the thermal treatment did not change density and position 


Card 1/2 


APPROVED FOR RELEASE: Monday, July 31, 2000 CIA-RDP86-00513R001134320( 


“APPROVED FOR RELEASE: Monday, July 31, 2000 CIA-RDP86-00513R001134320 


3/032/62/028/004/007/026 
Method of detecting «+. B101/B113 


of the dislocations. The form of the etohod figures observed depended on 
the heat treatment and on the decorating method. Dendritic inhomogeneities 
and stratified distribution of impurities were observed. The thermal pre- 
treatment increases the sensitivity of chemical etching as well as the 
possibility of metallographically detecting inhomogeneities. There are 5 
figures and 4 references: 1 Soviet and 3 nonwSoviet. The three references 
to English-language publications read as follows: R. A. Logan, A. J. 
Peters. J. Appl. Phys., 26, 2, 1419 (1957); We Dash. J. Appl. Phys., 275 
10, 1193 (1956); W. Dash. J. Appl. Physe, 30, 459 (1959). 


ASSOCIATION: Gosudarstvennyy nauchno-issledovatel'skiy institut redko- 
metallicheskoy promyshlennosti (State Scientific Research 
Institute of the Rare Metals Industry) 
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a PITLE:. 7 :Qeourrence ‘ef: the "face. effect" ta ‘eiltcon. single eryatale 
Bete eee st - @rown. “by. the Céochraleki method | “ 


PERIODICAL: © “Pisike ‘terdogo tela, Vo 5p NOs 2. 1965, 513-517 


“TEXT: When single oryatels ere grown in the: directions ead, C10), 
I plane aay erise in the interface oryetal-selt. . Within! 


‘thie plane the di tribution: of the alloyed iapurities varier. Chanaele iy 


‘enriched with ispurities @ay fora in the ingot, these ocourring not only | LO 


dn convex of: “plane: oryetallisation fronte but aleo in concave fronts. fhe. 
‘development - -of channels in the crystal is due to. undercooling. The 


' following. possibilities. ‘ef -undercooling. when crystals are bred by the . 
Czochraleki.method are discussed: (1) natural thermal undercooling at a =. 
given pulling rate; (2) constitutional undercooling due to the. hog 
concentration drop before the oryetallisation front; (5) underceoling due: 

_ to solidified partioles evaporating. into: the melt, -The tendency to form 
os channela in 81. mingle. arpotals, Laan with Sonor: eee decreases io 
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AID Nr. 977-10 27 ‘May 


IMPURITY SEGREGATION IN Si SINGLE CRYSTALS GROWN BY 
THE CZOCHRALSKI METHOD (USSR) 


Nil'vidskiy, M. G., and A, V. Berkova. Fizika tverdogo tela, v. 5, 
no. 3, Mar 1963, 709-716. §/181/63/005/003/002/046 


The “plane effect, “the "edge effect; and anomalous impurity segregation were studied 
in doped‘Si single crystals with p- and n-type conductivity and resistivity 

from 0.001 to 100 ohm-cm. The single crystals were grown by the 
Czochralski method in vacuum or in an inert atmosphere in the {111}, 

{110}, ano [100] directions, and at deviations from these directions of up 

to 12°. ene doping agents were: P, As, Sb, Al, and Bin concentrations 

up to10° = to 10 at-/com3. The “plane effect,’ evidenced by "canals" 

i.e, °Spir akshaped regions of higher impurity concentration along the 
growth axis), was observed in the crystals. The canals are central in 
crystals grown in the {1l1] direction but shift toward the crystal's edge in 


1 . the case disorientation of the seed. The central canal usually develops 
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AID Nr. 977-10 27 May 


IMPURITY SEGREGATION [Cont'd] 8/181/63/005/003/002/046 


4° only in the presence of a convex crystallization front. Dimensions of the 

canal are a very sensitive function of the front curvature. Etching of the 
samples revealed that the canals are formed by arrowlike segments or “ 
bands which build the spirals. The periodicity of the bands corresponds 
to the periodicity of the "growth bands" seen in the longitudinal cross 
section of the crystal. The spirals in the canals are perpendicular to 
the {l11] direction and represent traces of the [lll] plane. Under favorable 
conditions, all faces in the (iy system can appear during the growth of 
a single crystal. Canals were present in crystals containing P, As, and 
Sb donor impurities but were not observed in those with B and Al acceptor 
impurities. The highest intensity of the plane effect occurred for Sb, 
with an average increase of the segregation coefficient in the vicinity of 
the canal of 30 to 45%, and the lowest was found for P with an increase 
of 7 to 12%. The effect of growing conditions, i.e, the pulling rate and 
the rotation of the crucible, were studied. The intensity of the plane 
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IMPURITY SEGREGATION (Cont'd) 9/1B81/63/005/003/00a/046 


effect increased with increasing pulling rates, with the maximum develop- 
ment of the canal obtained at 2.5 mm/min, The rotation changed the 
shape of the canals, but did not eliminate them, The presence of canals 
in crystals contributed to the nonuniform distribution of structural defects 
in the ingot. The second effect observed was the "edge effect, i.e., a 
marked increase of the resistivity in an n-type Si single crystal in the di- 
rection of the near-surface zone, which is lean in impurities. The ex- 
perimental results indicate that the edge effect is apparently due to 


preferential evaporation of the doping agent from the surface layers of the 
melt at the interface. This work was completed at the State Designand | 
Planning Scientific Research Institute of the Rare Metals Industry, [EDW] 
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AID Nr. 974-2 /! 22 May 
ELECTRON MOBILITY IN STRONGLY DOPED SILICON (USSR) 


Omel'yanovskiy, E. M., V. I. Fistul', and M. G. Mil'vidskiy Fizika tverdogo ! 
tela, v. 5, no. 3, Mar 1963, 921-927. $/181/63/005/003/032/046 


An experimental study has been made of the Hall mobility of electrons in 
n-type silicon Single crystals strongly doped with arsenic and phosphorus 
(concentration,. 10*+7-102°cm-3), Measurements were conducted at tempera- 
tures from 78 to 300°K. Curves of the temperature and concentration depend- 
ence of Hall conductivity and of the concentration dependence of specific re- 
‘sistance were obtained. The results show an unexpected difference between 
the mobility versus concentration curves of samples with arsenic from those 
of samples with phosphorus at liquid-nitrogen temperatures, despite coin- 
cidence of these curves at room temperatures. With low temperatures and 
large impurity concentrations (above 7°1029cm-3), carrier mobility decreased 
with increased impurity concentration. The data cannot be explained by the 
theory of carrier scattering on impurity ions unless a strong screening ef- 
fect of ions by electrons is assumed to take place at distances closer to the 
ions than is the case for weakly doped semiconductors. 7 [BB} 
Card 1/1 
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ann Res 985-4 T June oe : 
‘1. POLYTROPY OF IMPURITIES IN n-TYPE Ge AND Si SINGLE CRYSTALS | 
DOPED WITH LARGE AMOUNTS OF GROUP V ELEMENTS (USSR) See Gm as 


Fistul', Vv. lL; M. G sales E. M, Oesai ya bony and S. P.: Grighina. 
IN:, “Atsidemiya t nauk ‘SSSR... pnres v. 149, no. 5, li Apr 1968, 1129-1122. a 
Oe ae | re - $/020/63/149/005 (013/018 
A sindy carried out. at the c Btate Sclentific Seas institute of the Rere Metals ee | 
Indugtry. showed that the totgl impurity content in n-type Ge and St single crystals | 
doped with. large. amounts of ‘P ar'Aei(impurity content in the melt from which the. 
crystals were grown'-> 2:102°cm-3) is higher than that which has been determined _ : 
from the Hall effect.’ It was concluded that in this case, in contrast toGe and Si | 
crystals doped with gmall amounts of group V elements, only a portion of the im- | 
purity jn ‘the crystal is part of the substitutional solid solution, while the rest is 
present in other states in which the impurity does not exhibit donor properties. 
This plienomenon was designated ' “polytropy ¢ of. ee in semiconductors. 
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Ls 8/020/63/149/005/013/018 | 
‘shown that polytropy is caused by such =” 
in interstices; 2) the formation of a second 
3) the formation of cellular impurity, sub- _ 
€s on structural defects; and 5) the forma- 


of such atructural complexes as Si. Ag 
n the above st 


phase of the ars 
- structures; 4) 
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MIULIVIDSKTY, M.G.j GRISHINA, S.P. 


Segregation of impurities along grain boundaries in heavily alloyed 
silicon single crystals. Fiz, tver. tela 6 no.2:483-488 F '64. 

(MIRA 17:2) 
1. Gosudarstvennyy nauchno-issledovatel'skiy i proyektnyy institut 
redkometallicheskoy promyshlennosti, Moskva. 
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ACCESSION NR: AP4041693._ ie Pees Oana 

AUTHOR: Mil‘vidskiy, M: G. : as 

ae crane ICR . Pao, 


_ TITLE: Procedure for estimating the thermal conductivity Séebei conte 
cf svlids and alloys near. the melting temperature 


ABSTRACT: In view of the considerable 
irect measurements 

large chemical activity in th 

‘the estimate of the thermal- 
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the" eat- balance equations for the‘ two 
or the determination of the thermal-conductivity 
coefficients of InSb, Ge, and Si erystals grown by the Czochralski 
method are described. The results confirm that the temperature gra- 
dients change noticeably with growth rate on the liquid side of the 
phase boundary, but remain approximately co 
The results are compared with existing data 


1 
A een eeciel! 
Re ee 


results are discussed. 
The most’important requirement is that the radiation heat loss be 


negligible -#., figures, = >: formulas;--and-1“table:. + 


Gosudarstvenny*y nauchno-issledovatel 'skiy i proyekt- 
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AUTHOR! MEL‘ videkiy, Me Gey Fistul', V. I,; Grishine, 8, P. 


TITLE: Behavior of impurities in highly doped semiconductors 4\ 


TOPIC TAGS: senicocductor single crystal, highly deped semicon- bs 
| ductor, germaniuw’single crystal silicon4eingle crystsl, arsenic 
| impurity, phosphorys impurity, sntimony impurity, aluminum tapurity, 


| 
—— tverdogo tela, vs 6, no. 9, 1964, 2762-2770 Ses 
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silicon Ged crasstae aetjpe: erectala doped with eeea te: phosphoru 
antimony, or aluminum in concentrations greater than 5 x 10'7 en", | 
The study was undertaken to explain the disagreement, previously ob- — 
‘sorved in. the case-of high dopant concentrations; between the Hail | 
measurements end rediocactivation analysis data and the resulting vi 
lation cf the known condition for tonisation equilibrius, which oa 
verified experimentally for lower dopant concentrations, The single, 
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IE 2 ae ee ee a 
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| crystals were grown by the Czochralski method in the <111> direc- 


tion. The following interconnected main factors were found experi- 
mantally to be responsible for polytropy of impurities: formation 
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a These facts are explained in terms of migration of * 

- the Supacuey solid solution. In silicon crystalc, the heat 
treatment did not produce the same effect as in germanium, since 
polytropy of impurities was caveed mainly by the cellular sublattice 


which t# not removed by heat treatment. It was concluded that the 
polytropy of impurities is closely connected with structural faper- 
fections, even though minor, in growing single crystals and, there- 
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fore, dependent on the conditions of crystal growth. The nature of 
the alloying impurity and the interaction between the atoms of the 

impurity and the basa component cf the alloy also play an importent 
tote in the appearance of polytropy, since the polytrapy is depend- 


| ant on tha dAfatrtihutian saalOl alan a® imanal oa ey Pen ee ee 
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AUTHORS: Mil'vidskiy; M. G.; Stolyarov, 0. G.; Berkova, A. V. cf 


i ‘area anarrannag 
1 TITLE: Concerning the mechanical properties of heavily doped sili- 
a | con single crystals \ ; 
ae 
| 


SOURCE: Fizika tverdogo tela, v. 6, no. 10, 1964, 3170-3172 


| ropre TAGS: . silicon? Mingle grys stall yer mechanical property, 


~ | impurity concentration, crystal lattice structure, dislocation free 
or | crystal 


| apeopaon: Disiodatici-eece single Geyeeaie: grown by the Czochralski 
“| method and doped. with 1 x 1045--1 x 1079 an-3 p, as and P, with 1 x 
|x 10¢5-—2 x 1018 om™3 aL, and 1 x 1015-n9 x 1028 on”3 gh were inves 
: | eigated. The detereatin. was carried oyt at 800C “al2) in an atmos- | 
. : phere of cpp o coetceuy pure helium? We the relative rate of 6.8 x | 
|x 107" sec™ > Five samples were used to determine the upper yield ~~ 
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| #20 kg/mm... At. higherzimpurity ‘concentrations,; the behavior of p= 
| and n-type samples was quite different. The introduction of acceptor 
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point for a given, impurity ‘concentration. At impurity concentrations. 
o£ 1015.—~191 em all-samples had the same upper: yield point of 


i- 
fp 


impurities strengthened. the crystals while donor impurities weakened ; 
them. The yield point decreased on approach to the limit of solu- 
bility of an impurity but p-type crystals were stronger. The rela- 
tively low strength of dislocation-free Single crystals and the ef- 


| fect of the doping impurities on the yield point were explained by 


the presence of vacancies and their interaction with carriers and 
doping impurities and by the effect of doping impurity on the sili- 


,con lattice. "The authors thank Vv. I. Fistul‘' for discussions." 


‘Orig. art. has: 2 figures. 
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oe ee " gee “ pielocatlona in: ‘heavily ‘doped silicon silicon single crystals 4! 
SOURCE: Fizika SSE tela, v. 6, no. rie 1964, 3259-3262 


TOPIC ‘TAGS 3 


“etlieoas ginsie crystal, doping, impurity concentration, ; 
dislocation density : 
Single ‘crystals doped with phosphorus, arsenic, antimony, 


The dopant concentration in 
It ranged from 


ABSTRACT: 
| boron and aluminum were investigated. 
' crystals was measured by means of the Hall effect. 
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| awe wse was 


in the. case of P,° As,- an fog 


A “90: = 
iup te @ x 1018 ae in the case of Sb, and up to 2 x 1018 ca”? in 


| the case of Al. The single crystals were grown by the Czochralski 
‘method along the [111] direction. Mo special measures were taken to 


‘prevent the development of dislocations in the sustieall The disloca- 


bo eae ete n ee a ee See Sa ee 
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. tion density was determined by chemical etching in a chromium re- 
1 agent and decoration with copper, as well as by x-ray diffraction. 
: Single crystals of the p-type, doped with B and Al, had dislocations 


: (20°-~104 om”) throughout the investigated range of impurity con- 
(centration. Single crystals of the n-type behaved differently: the 
‘dislocations disappeared at a definite concentration of the dopant. 
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-dtelocations=dt appe =ate =detinite=concentrationof=th 1 ce 
On doping: wit P- and As, the dislocations ‘disappeared ~ (by elim’: to, ; 
'the surface) at. resistivities of p ~ 0.03 ohm.cm (n = 5 x 1017 cm 3), 
~ }@hese n-type crystals remained dislocation-free over a wide range of 
/the dopant concentrations (dislocations reappeared only on approach 
to the solubility limit). The results are explained as follows. 
The dislocation climb to the crystal surface is facilitated by a 
high concentration of vacancies. The vacancy concentration is af- 
fected by impurities: if the impurity concentration and the carrier 
density are comparable, the presence.of donors should increase the 
‘yacancy concentration and the presence of acceptors should reduce it. 
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The ar ‘the critical Gacartey: conventeatlone: at ‘which | 
dislocations disappear in crystals, observed between P and As on one 
side and 8b on the other, may simply be due to different atomic radii. 
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